3 /'* TS 10/533560 

JCUm'dPCT/PTO 02 MAY ZOOS 

PROCESS FOR PRODUCING A MOLDING 

The invention relates to a process for producing a 
molding, comprising a disk-like or plate-like basic 
5 body having a large number of knob-like and/or web-like 
elevations which merge into the basic body with 
inclined side surfaces, by means of pressing and 
sintering powdery raw materials close to the final 
shape . 

10 

Examples of such complexly shaped moldings are 
interconnectors, also designated bipolar plates or 
current collectors, of fuel cells. In addition to the 
most uniform possible density of these moldings and 
15 good dimensional stability, in order to ensure the gas 
tightness which is generally required, economic 
possible production of these moldings is also the basic 
precondition in order to permit fabrication on a 
production scale. 

20 

The production of the final shape of such moldings by 
means of material-removing machining from a 
semifinished product is very costly, so that 
fabrication by powder technology with shaping as close 

25 as possible to the final shape is to be aimed at. The 
problem in this case is that, in particular for 
interconnectors of high temperature fuel cells, alloys 
containing a high level of chromium are often used, 
which are brittle at lower temperatures and, in the 

30 form of powders, can be pressed only with very great 
difficulty. 

Given simpler geometries of the moldings, a subdivision 
of the press die into a plurality of individual 
elements that can be moved independently of one another 
35 provides an improvement. In the case of 

interconnectors which, on a disk-like or plate-like 
basic body, often have several hundred knob-like or 
plate-like elevations, a practical subdivision of the 
press die is, however, technically no longer feasible. 
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The production of such components by means of powder 
injection molding techniques is likewise a problem 
because of the often inadequate material density and 
5 dimensional stability on account of excessively high 
and irregular shrinkage processes in the course of the 
production process - 

EP 1 195 829 describes a process for the production of 
10 a bipolar plate for fuel cells in which a gas- 
impermeable baseplate is connected to a large number of 
protrusions, which are intended to regulate the gas 
conduction. At the transition to the baseplate, the 
protrusions having inclined side surfaces, and in this 
15 case are produced, inter alia, by pressing a deformable 
compound with the aid of a profiled die in a single- 
staged pressing process. 

This simple production process is sufficient for the 
20 bipolar plate specifically described, since the 
protrusions do not have to be too dense but can be 
porous and gas-permeable and are formed from an easily 
deformable compound comprising plastic-bonded fibers or 
filaments, for example of graphite. However, a 

25 production process of this type is not suitable for 
powdered raw materials which are difficult to press. 

WO 01/83132 likewise describes a process for the 
production of a plate-like basic body having a large 

30 number of knob-like and web-like elevations, for 
example for use in fuel cells or in heat exchangers, 
inter alia also from powdery raw materials. 
In this process, in a first step, an intermediate 
product is produced, which is substantially plate-like 

35 without the molded elevations but which already 
corresponds to the quantity of material of the finally 
shaped molded element. Then, with the aid of press 
dies, the shape close to the final shape of the molding 
is produced in a single step. 
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The disadvantage with a process of this type is that, 
when powdered raw materials are used, the compaction in 
the elevations is not very uniform and therefore zones 
with undesired porosity occur and/or the necessary 
5 pressing pressures are disproportionately high. In 
particular when pressing powders that are very 
difficult to press, it can occur that the pressing 
pressures are no longer sufficient, even in the largest 
presses which are currently available. 

10 

The object of the present invention is, therefore, to 
provide a process for the production of moldings from a 
disk-like or plate-like basic body having a large 
number of knob-like and/or web-like elevations with 
15 which the moldings can be produced in a simple way, 
cost-effectively with adequate density and homogeneity, 
even in the case of powders which are difficult to 
press . 

20 According to the invention, this is achieved in that 
the pressing is carried out in a two-stage pressing 
operation, in the first stage the boundary surfaces of 
the basic body being pressed to at least the 
approximate final shape as far as the transition 

25 regions of the elevations and, at the same time, the 
elevations being pressed to an oversize, specifically 
in such a way that their projection h' from the basic 
body is greater by 10% - 150% as compared with the 
projection h from the basic body in the finally pressed 

30 state, and that their side surfaces form an angle of 
inclination a' in the range from 90° - 150° with the 
respectively adjacent boundary surface of the basic 
body and, in the second stage, the elevations are 
pressed to at least approximately the final shape, in 

35 such a way that the angle of inclination a' is enlarged 
to a value a which lies in the range from 95° - 170°. 

The pressing process according to the invention will be 
used in particular during the production of moldings 
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with unfavorable pressing relationships which are 
present when many individual subregions of the moldings 
have different dimensions in the pressing direction, 
which differ at least approximately in the ratio 1:2 in 
5 this direction. These relationships occur, for 

example, in the case of moldings with web-like and/or 
knob-like elevations, such as are used as 
interconnectors for fuel cells. The specific two-stage 
pressing process according to the invention operates 

10 with different press dies in each stage. In the first 
stage, the press dies, comprising at least an upper die 
and a lower die, are matched to each other in such a 
way that the boundary surfaces of the disk-like or 
plate-like basic body are compacted to the highest 

15 possible press density and then have at least 
approximately the desired final shape. Only the 

elastic spring-back occurring after the pressed object 
has been ejected from the female die and the shrinkage 
that occurs during the subsequent sintering change the 

20 dimensions of the pressed object in these regions, 
depending on the material used. The knob-like and/or 
web-like elevations, on the other hand, are not yet 
compacted to the highest possible press density in the 
first stage and therefore exhibit an oversize as 

25 compared with their final shape. In the second press 
stage, the press dies are matched to each other in such 
a way that the boundary surfaces of the disk-like or 
plate-like basic body are compacted only slightly or no 
longer compacted. The knob-like and/or web-like 

30 elevations, on the other hand, are compacted further to 
approximately the desired final shape by means of a 
specific enlargement of the angle of inclination and a 
reduction of the projection. In particular by means of 
this enlargement of the angle of inclination, the 

35 result in all the regions of a molding produced in such 
a way is very uniform, optimal compaction which, after 
the sintering of the molding, ensures adequate strength 
and gas-tightness of the molding. For specific 

complexly shaped moldings, in order to improve the 
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homogeneity of the preform, it may be expedient to 
subdivide the individual press dies into a plurality of 
individual segments that can be moved independently of 
one another. 

5 

The knob-like and/or web-like elevations can be present 
both on one side and also on both sides of the disk- 
like or plate-like basic body, the use of the process 
according to the invention being particularly 
10 advantageous in the latter case in particular. 

It has proven to be particularly worthwhile if the 
projection in the first press stage as compared with 
the projection in the finally pressed state is greater 
15 by 30% to 100%. 

Furthermore, it has proven to be worthwhile to provide 
an angle of inclination in the range from 100° to 130° 
for the side surfaces of the elevations in the first 
20 pressing stage and in the range from 115° to 160° in 
the finally pressed state. 

In particular when the process according to the 
invention is used on raw powders which are difficult to 

25 press, which need a certain proportion of pressing aids 
such as wax in order to improve the pressability , it 
may be advantageous to pre-sinter the pressed object 
after the press stage in order to remove the pressing 
aid. As a result, a density and freedom from pores of 

30 the finished molding which are again improved are 
achieved. In this case, depending on the raw material 
used, the pre-sintering can be carried out at 
temperatures between about 600° and 1200° during a time 
period of approximately one or several hours, 

35 depending, inter alia, on the size of the molding and 
the plant used. Raw powders which are easy to press, 
for example of aluminum or copper, generally do not 
need to be pre-sintered . 
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Interconnectors for high temperature fuel cells, such 
as solid electrolyte fuel cells, are often produced 
from alloys containing a high level of chromium, having 
at least 20% by weight of a chromium component, such as 
5 ferritic steels or chromium-based alloys. Since alloys 
of this type are difficult to press, the use of the 
process according to the invention has proven 
particularly worthwhile. 

10 Use is often made for interconnectors of this type of 
chromium alloys which, in addition to chromium, consist 
of iron and further of one or more additional metallic 
and/or ceramic alloy components with a total of at most 
40% by weight. Here, it has proven worthwhile to 

15 introduce the additional alloy components as a pre- 
alloy with chromium and/or iron into the powdery raw 
materials, which improves the pressability still 
further. In addition to these alloys based on chromium 
and iron, metal ceramics or ceramic materials, for 

20 example, can also be used as materials for 
interconnectors for high temperature fuel cells. 

In the following text, the invention will be explained 
in more detail by using a production example and by 
25 using figures. 

Production example 

Disk-like interconnectors for high temperature fuel 
30 cells made of a chromium-based alloy were produced by 
the process according to the invention. Dimensions and 
the shaping of the interconnectors: 
diameter 120 mm, 
total thickness 2.5 mm, 
35 central hole 8.8 mm diameter, 

basic body of 1.3 mm thickness, web-like elevations of 
about 0.5 mm and' 5 mm width arranged on one side of the 
basic body around the central hole and in the edge 
region, web-like elevations of about 0.7 mm height and 
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5 mm width arranged on the opposite side of the basic 
body around the central hole and in the edge region, 
knob-like elevations in the form of a truncated cone 
with about 1.4 mm base area and 1 mm top area arranged 
5 therebetween at regular intervals and in rows. Spacing 
between the individual knobs and rows about 1 mm, knob 
height 0.7 mm. 

To produce the interconnectors, first of all an initial 
10 powder consisting of 95% by weight of elementary 
chromium powder and 5% by weight of a pre-alloyed 
powder of iron with 0.8% by weight of yttrium was 
prepared. The powder used had grain sizes in the range 
from 36 \im to 100 pm. The initial powders were produced 
15 by weighing in the individual powders and adding about 
1% by weight of micro wax as a pressing aid and then 15 
minutes of mixing in a tumbler mixer. The initial 
powder was put into the female die of a powder press. 

20 Figure 1 shows schematically on an enlarged scale the 
edge section of an interconnector produced in 
accordance with the invention in the pre-pressed state 
according to contour -1- and in the finally pressed 
state according to contour -2-. 

25 

In the first pressing step, using appropriately shaped 
respectively one-piece upper and lower dies, the 
initial powder was compacted to the external contour 
-1- according to figure 1. In the process, the web- 

30 like elevations -3- and the knob-like elevations -4- 
were pressed with an oversize, while the boundary 
surface of the basic body -5- was pressed to 
approximately the final shape as far as the transition 
regions of the elevations -3-4-. The projection h' of 

35 the upper web-like elevations -3- from the basic body 
-5- was 66.7% greater as compared with their projection 
h from the basic body -5- in the finally pressed state, 
while the projection h' of the lower web-like 
elevations -3- from the basic body -5- was around 70% 
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greater as compared with their projection h from the 
basic body -5- in the finally pressed state. The 
projection h' of the knob-like elevations -4- from the 
basic body -5- was around 28.6% greater as compared 
5 with their projection h in the finally pressed state. 
The angle of inclination or' of the side faces of the 
knob-like and web-like elevations -4-3- was 120°. 

After the first pressing step, the pressed object was 

10 ejected from the press die, removed and pre-sintered in 
a furnace at 1000 °C in a hydrogen atmosphere during a 
time period of 3 hours for the purpose of dewaxing. 
After that, the pre-sintered interconnectors were 
inserted into a modified die of the powder press in 

15 order to carry out the second pressing step. In this 
case, the die was modified in terms of its dimensions 
such that its diameter corresponded to the dimensional 
change of the pre-sintered interconnectors in diameter, 
which was brought about by the resilient spring-back of 

20 the pressed object after being ejected from the die 
following the first pressing step and the sintering 
shrinkage in the pre-sintering step. This dimensional 
change depends on the size of the pressed object 
produced and on the type of material used. In the 

25 present case, the diameter of the die had to be 
.designed 0.3 mm larger for the second pressing step. 
Accordingly, the dimensional changes in the spacings of 
the knob-like and the web-like elevations -4-3- also 
had to be taken into account when designing the upper 

30 and lower dies for the second pressing step. 
Furthermore, the upper and lower dies were matched in 
such a way that, following the second pressing step, 
the interconnectors, including the web-like and knob- 
like elevations -3-4- were present to the greatest 

35 extent in the final dimensions. To the greatest extent 
means that the shrinkage of the final sintering step 
was also taken into account, so that following the 
sintering the final dimension was present. In order to 
carry out the second pressing step, the press dies were 
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also designed in such a way that the angle of 
inclination a of the side surfaces of the web-like and 
knob-like elevations -3-4- had been enlarged with 
respect to the angle of inclination a' in the first 
5 pressing step, specifically to 127.5°. This 
enlargement of the angle of inclination results in 
optimal compaction of the web-like and knob-like 
elevations -3-4. At the same time, the material begins 
to flow and also effects additional compaction of the 
10 basic body -5-. After the second pressing step, the 
interconnectors were subjected to sintering in hydrogen 
at 1450° C for three hours for the purpose of further 
compaction and for the purpose of complete chemical 
homogenization . 

15 

For the purpose of comparison, interconnectors of the 
same material and with the same dimensions were 
produced by single-stage pressing according to the 
prior art. The remaining production conditions were 

20 the same as in the interconnectors produced in 
accordance with the invention, except that the dewaxing 
was carried out as a prior stage in the course of the 
sintering process. Figures 2a and 2b show the 

metallographs of an interconnector produced in 

25 accordance with the invention in a 15-fold enlargement, 
figure 2a reproducing the region of the knob-like 
elevations -4- and figure 2b the region of the web-like 
elevations -3-. 

30 Figures 3a and 3b show the corresponding metallographs 
of an interconnector which was produced in accordance 
with the prior art, using a single-stage pressing 
process. The greater homogeneity and freedom from 
pores, and therefore the greater density, of the 

35 interconnector produced in accordance with the 
invention can be seen clearly in virtually all regions. 



